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Preface

The work described in this report is pertinent to the project
designated by the War Department Liaison Officer as 0D-52, to the
project designated by the Navy Department Liaison Officer as NO-23

and to Division A projects PA-230 and PA-24j0. Part of the work of
preparation of this report was performed under Contract OEMsr-51
with the Carnegie I[nstitution of Washington.

This report has been issued in two volumes. The present volume
comprises Part Two, on the characteristics of gun erosion. The pre-
ceding volume was issued as NDRC Report A-98,(OSRD No. 882) and com-
prised Part One, on the fundamentals of ordnance relating to gun
erosion. The "Bibliography and Author Index" on page 2L3 of the
present volume pertains only to Part Two, but the "Subject Index" on
page 259 pertains to both parts of the report.

Distribution of copies of the report. -- The editorial staff of
Division A completed preparation of this report for duplication on
November L; 19L2. - The initial distribution of copies was as
follows: ‘

Copies No. 1 to 2h,rinc1usive, to the Office of the Secretary
of the Committee for distribution in the usual manner;

Copies No. 25 to 33, inclusive to the Chief of Ordnance, War
Department (Attention: Col. W. R. Gearhardt, Col. S. B. Ritchie,
Col. R. R. Studler (2 copies), Lt. Col. D. J. Martin, Capt. C. E.
Balleisen, S. Feltman, P. M. Netzer, Technical Library);

Copies No. 3L to 36, inclusive, to Aberdeen Proving Ground
(Attention: Lt. Col. L. E, Simon, R. H. Kent, J. R. Lane);

Copies No. 37 to L0, inclusive, to Watertown Arsecnal (Attention:
Col. H. H. Zornig (2 copies), P. R. Kosting, H. H. Lester);

Copy No. L1 to Watervliet Arsenal (Attention: Lt. Col. 5. L.
Conner);

Copy No. L2 to Frankford Arsenal (Attention: Lt. Col. L. S.
Fletcher); -

Copy No. 43 to Springfield Armory (Attention: Capt. A. E,
Benson);

Copies No. Ll to L6, inclusive to the Chief of the Bureau of
Ordnance, Navy Department (Attention: Capt. G. L. Schuyler, Lt., B. D.
Mills, C. B. Grecn);

Copy Np. L7 to the Office of the Coordinator of Research, Navy
Department (Attention: Lt. T. C. Wilson):

Preceding Page's Blank iii
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Co y No. L8 to the Naval Research Laboratory (Attention:
R, Gunn);

Copy No. 19 to the Inspector of Ordnance in charge, Naval
Proving Ground Dahlgren, Va.,

Copy No. :50 to €. C. Lauritsen, Vice Chairman, Division A;
Copies No, 51 to 60, 1nclu51ve, to L. H. Adams, Chairman,

Section A, Division Aj;

Copy No, 61 to H. B. Allen, Vice Chalrman, Section A,
Divisioen Aj

Copy No. 62 to L. J. Briggs, hember, Section A, DlVlSlon A;

Copies No. 63 ard. 6l to E. L. Rose, Member, Section A, ‘
Division A;

Copy No. 65 to‘b. R. Weidlein, lember, Section A, Division Aj

* Copy No. 66 to J: S. Burlew, Consultant, Section A, Division

Copy No. 67 to H. L. Curtis, Consultant, Section A, Division

Copy No. 68 to R. E. Gibson, Consultant, Section A, Division
A; Vice Chairman, Section H, Division A;

" Copy ‘No. 69 to V. F. Jackson, Consultant, Section A, Dlvi-
sion Aj

Copy No. 70 to J. F. Kincaid, Consultant, Section A, Divi-
sion Aj . - .

Copy No. 71 to T. C. Poulter, Consultant, Section A, Divi~
sion A; ' . .

Copy No. 72 to J. Wulff, Consultant, Section A, Divisgion Aj

Copy No. 73 to J. O. Hirschfelder, Consultant, Section A,
Division A3 - - = S o

Copy No. 7L to-P. W. Bridgman, Consultant, Section B,
Division Aj; : : : '

Copy No..75 to G. B. Kistiakowsky, Chairman, Section B—1,
Division Bj :

Copies No. 76 to 80, inclusive, to the Secretary of the Com=

mittee for transmlttal to L. C. Pauling, Clyde VWilliams, J. C. W.
Frazer, I. K. Stein, J. P. Magoss

Copy No. 81 to M. A. Tuve, Chairman, Section T, Office of

'Solentiflc Research and Development,

" Copy No. 82 to Lt. Col. K. lMaertens, Seccretary to Joint Com~

mittee on New Weapons and Equipment;

- Copy No. 83 to the Bureau »f Ordnance (attention: ILt. H. W.
Drake)

Copy No. 8L tn Frankford Arsenal (Attention: The Librarian),

Copy No. 85 t» the Chief of Ordnance, Firing Records, Tech-
nlcal Division (Attention: Mrs. E. T, Ryan).
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THE EROSION OF GUNS
Part Two: The Characteristics of

Gun Erosion

CHAPTER VIII. MAGNITUDE OF EROSION

59. The two chief characteristics of erosion are its extent and the
nature of the eroded'surface. The exact dimensions of the bore of

a particular gun at any given time depénd on so many factors, some

of them uncontrollable, that each gun is a separate problem. On the

whole, however, the erosion of all guns ~- except those fired extremely
rapidly -- follows the same pattern, so that it is possible to des-

cribe these two characteristics in general terms.

60. Variation along the bore

The increase in diameter of the bore of an eroded gun is not
uniform along its length, but is highly localized at the two énds.
In the middle of’the bore, between the two eroded regions, the dlameter
frequently is less than it had been originally, because of fouling or
coppering, which is the formation of a metallic depgsit on the surface
of the bore (Sec. 67).

The greatest amount of erosion occurs at the breech end, where
a2 region of considerable enlargement of the bore extends forward from
the origin of rifling (Sec. 11) for a distance of several calibers,
the maximum enlargement being at a small fraction of a caliber inb
front of’the origin, namely, at the point where the lands had first
attained their full height when thevgun was néw.» The erosion of

the lands is usually twn» or three times as great as that of the




=102 -

g;oqves,ﬁgz as is illustrated for a 3-in. M3 gun liner No, 881

in Figs. 2 and 3. The former is a cgmbination of five Starrgage'
‘récords maée at different periods in the life qf the gun. fhe
latter isfa cross-sectional diaéram with an exaggerated scaie.
Only erosionvaﬁ the breech end is apparent begause'that at the
muzzle was so slight in comparison. '

In a case gun (Sec. 21) erosion of the eentering cylinder
extends toward the chamber from the origin of rifling only as far
as the mouth of the cartridgé case. The increase in diameter in
Jthekmiddle of this region is usually a little greater than that
of the grooves at the drigin; In a bag gun'(Séc. 21), on the‘bther
hand, the increase in diameter of the centering cylinder becomes |
progressively lesé‘to the rear of the forcing cone, and is negligible
after a distahce of one to two calibers. The chamber does not erode.

" Muzzle erosion is always much less than breech erosion, and in
some smalle~caliber guns it is scarcely noticeable until the end .of
life. The maximfm increase of diameter in this region occurs at
the muzzle itself. Here the lands usually wear more rapidly than
%ﬁé érqébes, \

- Erosion usually is not circularly symmefrical. However,,ﬁhe
‘dissymmetry is frequent;y not reported, for one of the two common

o :
types of star gage (Sec. 1L) gives only an average diameter, based

LB/ Dr. P. R. Kosting (personal communication, Aug. 22, 1942)
points out, however, that in a recent endurance test of the 37=mm
gun M1A2 (sce Sec. 107), it had been observed that when double-base
powder was used as the propellant the increase of diameter at the
corigin of rifling was greater across the grooves (0,035 in.) than

across the lands (0.030 1n.) after slightly more than 1200 rounds.
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on lengths of three radii 120° apart. Some writers have suggested
that erosion of the muzile is regularly greaterrat certain positions
around the circumference of the tube (feferred to as different -
"olclocks™" in analogy to the positions on a clock face), but such

a generality does not seem to apply to all guns. In three well-worn |
155-mm guns, for instance, in which both vertical and horizontal
diameters were measured, the difference between the two diameters
across the lands at different posiﬁions along the last three caliber

lengths of the gun varied from O to 0.03 in., the horizontal diameter

being the greater in two of the guns and the vertical the greater in

the other [Wéyher, 19391.

61. Variation with number of rounds

The average extent of erqsion is frequently measured by thev
increase in diameter of the lénds at the origin of rifling or_juét in
_ front of it. When this increase -- denbted usudlly by E and ex~
pressed in inches -- is plotted as a function of the number of rounds;
the‘typibal curve whic¢h is obtained for cannon fired slowly shows
that the rate of increase in .diameter of the lands at the ofigin be~-
comeé less during the later stages of erosion. This relation is
illustrated by Curves 4 and B in Fig. L. Curve A which is the
standard curve for an unplated 1h—in./50-caliper'Navy gun, has been

expressed by the exponential function,

E=0.3L9 (1 - e=0.01065N),  (VITI-1)

whare N is ‘the number of.equivalent service rounds;gg( Curve_g

A Lo/ Naval'Proving Ground photograph No. 8302.
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represents data for sixty-two 155-mm gﬁns; G,P.F., in different stages
6f wear [Wéyher,blgiz]. ' |

For a number of 3=-in. antiaircfaft guns; M3, which had been
fired more rapidly, however, the rate of erbsionbdid not decrease with
time. Curve 959/ in Fig. li , which shows the increaée in diameter of
these guns at the origin of rifling, is slightly concave upward.

Cur#es A, Band C in Fig. I, extend to the estimated aécuracy
life of the guns considered (see Chap. XIV). Some European guns that
have\been fired far beyond this point have shown a subsequent increase

51/

in the rate of erosion, the complete curve in such cases being S—shaped.

52/

A similar condltlon has recently been observed™=" in the case of a
37-mm AA gun M1A2, which was fired mostly rapid fire (5 or 6 rnd/min).
From round 5000 to round 6800 there was scarcely any change in the pre-
vious increase (0.022 in.) in the diameter of the lands; and then
suddenly the diameter increased 0.0L8 in. during the next 1000 rounds.

’These data on the variation of erosidn with the number of rounds
of the 155-mm guns depend on measu;ements on different guns, instead

of on a series of measu}ements at different stages in the life of the

same gun. Hence they may reflect individual peculiarities of the guns.

50/ This curve has been drawn on the basis of star-gage records
in the files of the Ballistics Sectlon, Ordnance Department, U.S, Army.

51/ P. R.'Kosting, personal communication, Aug. 13, 1941
52/ Watertown Arsenal photograph No. W. A. 639=4076, based on

Firing “Record No. 8097, P. R. Kosting, personal communication,
Aug. 22, 1942,
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The three guns that had been fired the largest mumber of rounds.

were of French manufacture and qf_unkggwnﬂcharacteristics; the,othqp

five had been made in the United States at the close of World War I..
One pgﬁthe,;atter'group_qhowed an,exqgssiVely high rate of erosion,
but it was suggested that this might have been an erroneous indica;
tibn caused by an error in the number (1125) of rounds recorded,
Tt has been‘noticed by the present writer that the points
(solid dots) in Fig. | reprcsenting the increase in diameter of
" the bore ofhthése'guns7(see"fpurth column of Table XVI) do not fit
at éllyoﬁ Curve B. Instead, it has been qund that they fit reaéon—
abi&/wéll on‘a‘ﬁarabolic curve with a slight-upward curvature, There
vbremalns the more llkely possmbllity that the data for the two dif=-

' ferent makes of gun should be con31dered to 11e on two sepdrate

T LT&@}@ XVT. .Erosion of "155-mm guns. | . ; 7,_?
"a’| Number of | Velocity| E F | _Loss of Weight (gm)
Gun No, " Rounds (ft/sec) | (in.) | (in.) Total For Round
g2 | 812 2398 | 0.037| 0.33 | M52 | *0.56
567 | 1609 2383 | .062| .70 590 Wb
- 853 .| 2127 2379 | .088| 1.06 | 1023 | L9
Sl 1esd ) 2365 F o110 2.62 | 1761 1.57
Lo% 2853 2283 L3 5.7 2889 | 1.01
S L¥o 3289 . o} 2247, | .156(-7.33 | 2725 | . 0.83
~‘3‘2?* | _3597_ 1. 2215\ | 175 ﬁ.Oh, L006 a1

2The gun numbers marked with an asterlsk indlcate those of
French manufacture (Puteaux) The others were American made.

bE, 1ncrease in diameter at origin of rifling.

°F, advance of forcing cone (see Sec. 125d).

dTn the originsl report [Weyher, 1939] it is suggested that the
number of rounds reported for this gun may be too small. On the other
hand, the steel in this gun may have been of poor quality; for, on the
graph showing the crosion of 62 155-mm guns as a function of the number
of rounds, several other guns showed an equally high ratc of erosion,
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curves, each of the general shape of Curve B.' This possibility does

" not seen to have been considered in the original investigation, for

the report [Weyher, 1939] correlates the various measurements as if

the guns were all the same except for the number of rounds fired. y

62. Variation with caliber

The depth of erosion per round and aiso the maximum depth of

erosion at the end of life increase very greatly with increase of .

caliber. Representative values of the former quantity for several guns
of about the same muzzle velocity but different calibers are given in
Table XVII. It should be remembered that the variation in the rate

Table XVII. Comparison of average erosion per round for gurs of
different caliber; velocity, 2500 to 2750 ft/sec.

Erosion at Origin of Rifling
Gun Rounds —
; . Lands (10=3in.) | Grooves (10~3in.)

37-mm M3 Tube No, 22708 [ 902 to 1472 |  o0.047 | = 0,026
3-in. AA Gun M3 No.6LO | 326 to 528 S RS
8-in. M1888 MII No. 56 | 62 to 127 .35 +27
h-in. M1920 NIT No. 11 {123 to 5L} 1.1 | . .9%
16=in, M1919 MII No. 2 | 123 to 152 2.8 R 81

of erosion of guns of the same caliber and muzzle velocity is quite
large, and that therefore‘the values given in Table XViI shoﬂld'nct be
considered as establishing a functional relation between erosion and

caliber. They are merely illustrative of possible values.
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53/

63. . Advance of the forcing cone™~

The forcing cone (Sec..10) does not retain its original‘posi~A
tion,ﬂbutfgradually moves forwérd as erosionvproceeds; At the same
time'the ang1e* of the cone becomes less steep, because of rounding
off of ‘the front of the conical surface. The~advénce of the forcing
cone, whlch is one way of expressing the extent of erosion, is
measured with a special tapered plug gageSh/ that is inserted through
the breéch until it is stopped by contact with the forcing cone. The
fifth column of Table XVI llsts the advance F of the forcing cone for

some 155~mm guns.

6L. Weight of métal lost

The weight of metal IOSt during the er051on of a gun is not
readlly determlned. It is not directly proportional to the increase
in dlmneter at the origin of rifling, because the length of the‘

‘ er&ded region increases tbwafa the muzzle at the same time that the
diametef-at the origin-is incrcasing. On the other hand, this |

forward extension is slower than the increase of diameter, so that

the'}oés offweigﬁt is proportional; not to the square of the in-

crease of diameter, but presumably to some power less than two.

53/ The use of the advance of the forcing cone as a oriterion
of the end of life is discussed in Sec. 125(d).

Sh/ A plug gage that made contact at only two diametrically
opposite points in the bore was recommended by Weyher (1939]; but
. subsequent experlence at Aberdeen Proving Ground showed that if this
gage were inserted in. the bore at a slight angle, it could be pushed
beyond the forcing cone. Hence its use for routine measurements has
been discontinued. (Arthur E. Jewell, Instruments Section, Aberdeen
~ Proving Ground, personal communication, Sept. 2, 1942.)
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An estimate of the weight of metal lost from the breech end
of ‘a 155-mm gun tube -- that at the muzzle is insignificant =-
has been made by the present wfiter'on the basis of the“star-gage ‘

55/

records of the guns 1listed in Table XVI, - The area=~ under the
erosion curve of the star-gage measurement of the diameter plotted
as a function of distance along‘the bore was compuﬁed separately for

the lands and for the'gfooves. The space formerly occupied by. the

- material eroded away from the larnds was considered as being repre-

sented by half the volume of the.solid of revolution obtained by
rotation of the area under the erosion curve about the axis of the

bore; and similarly for the grooves. Hence the total volume Vp of

 material lost is, accordlng to the theorem of Pappus,

Vp =V, + VG =1n (DA)L + gn (DA)G, , (VIII-QQ)
where D is the mean diameter of the section resolved, A is 1ts

area,éé/ and the subscrlpts L and G refer to lands and grooves, .

55/ De Sveshnikoff [1933, p. 659] had measured the area under
the erosion curve of caliber .30 machine-gun barrels with a planl-
meter. He remarked that "aside from giving a general idea of the .
dimensional change of the bore at the breech and the muzzle end, the
measurements do not appear to yleld information of any value."

56/ The grooves are regularly wider than the lands, sometimes
as much as 25 percent (cf. Table I), Hence the follow1ng equatlon
is more formally correct than Eq. (VIII—2) :

where L and G represent the width of the lands and of the grooves,
respectively. For L/(L+G) = 0.4, Eq, (VIII-2) gives a result 10 per-
cent greater than that obtained from Eq. (VIII-3), but this dif-
ference is scarcely as great as the uncertainties inherent in the
calculation, since no provision can be made for local irregularities
of the bore surface between the points touched by the star gage.
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- respectively. The correspending weight of material lost was.com-
puted by the use of -a nominal factor of 7.8 gm/cm® for the density
of steel. |

| ~ .The total weight of metal lost and also the average loss per .
round are reéorded in Table XVI. It will be seen that the guns
‘(neglecting No. Li3L) may be separated into two groups on the basis
of the rate of the loss of weight. Intérpretation of this result
is complicated by the fact that the two groups differed in two -
‘respects, namely, in the number of rounds fired and in manufacture.
It might be concluded that the rate of erosion, as measured by the

loss of Weight, suddenly increased above about 2000 rounds; on the

other hand, it seems somewhat more 1ike1y that the two kinds of gun
difféiéd in éroéibility (Sec. 61). A definite choice between these -
£io péééibiiities cannot be made on the basis of the data available. T
What is needed are measurements of the same gun at different stages ‘?
‘of its life. E
"”bIﬁ wﬁsrstated‘by Siwy (1908, p. 67] that a 28-cm gun lost

dbout i/§ Kg of steel at each round, Eut he made no mention of the

basis“bf thiéxestimate. It scems to be fair%y reliable, as indié

" cated by a éalculatioh made by the writer of‘the loss of weight of

& 12-4n. (30.5-cm)/L5-caliber Mk. V gun.EZ/ On the assumption that

the lands occupied 50 percent of the circumference of the boré, the

weight lost from the lands alone was L10 gn/round. The fact that

51/ The calculation was based on the erosion curve of the
lands of this gun, published as Sketch No, 1L in Naval Ord. [1912],
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this gun was somewhat_larger than that referred to by Siwy gives ample‘
élléwance fdr‘the weight Tost by erosion of the grooves, which would
have been less than that from the lands. It is important to notice
that the rate of removal of metal is several hundred times as great
for this size of gun as for the 155-mm gun alréady reférfed to,ythe

diameter of which is half that of the 12-in. gun.

65. Scoring

When the surface of the bore of a gun ﬂube’has been erodedvinto
relatively deep troughs, it is said po have been,§gg£gg. Ihis cqndi-
tion may result from local imperfections in the steel or, more’
usually, it is simply the final stage in erosiqn that at first was
fairly uniform. The latest report by Kosting and Peterson [1942]
concerning eroded guns points out that the sqoring in the 37-mm gﬁn
M142 which they hadiexgmined occurred in a region where hot gases .‘
could begin to expaﬁd fréely after escapiqg pastAthe-projectile before
it started to nove forward.v This observation seens to confirm the
opinion held in different quar£ers, whiqh was summarized by Greaves,
Abram and Rees [1929, p. 118] in these words: "It seems probable,
therefore, that scoring begins (if it ocecurs at,all)‘after some.‘i
general.enlargemént of the bore has glready taken place,'and is due,
‘at least in part, to gas-washing produced by the esqape_éf propellent
gases past the driving band dgring the iﬁitial stages of motion of

the projectile.”




66. Pastilles

Pastiiles,are small shallow depressions in the bore of a gun,
ranging in depth from 0.02 to 0.05 in., and having varying diameters.
They are of two types -- bulbous and granular. They were féund only
in 75-mm guns and in a few 155-mm hdwitzers, used by both the French
and. the A.B.F. in World War I. Scarcely any were reported by the.British
or Germans. None were~found in antiairoraft guns [Miller, 1229,
pp. 61=6L].

A graph [Miller, 1920, Fig.20] of the location of 526
pastillés found in 223 75-mm guns along the bore of the gun showed
that the maximum frequency of occurrence was at a distance of 67,5 in.
from the-muzzle,gg/ which was near the point of maximum pressure in
th? gun.. Nearly all the pastilles occurred in the bottom guadrant
of the bore. . ,

Two possible causes of pastilles have been proposed. Some
French.ordnancé inspectors in World War I suggested that unburned
fragments of US No. 3 powder (multiperforated grain), left in the
bore of the gun, detonated by impact of the next shell. Soldiers
operating 75~mm guns in the field, however, suggested that the tin~
lead anticoppering cdmpaund formed a globule of bronze by fusion
with éopper and then was pressed into the bore by the next projec-
tile [Miller, 1920, pp. 67, 68, 71]. Neither opinion has been veri=

fied,

| 58/ The léngth of rifling was 87.8 in.
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Pastilles have been alleged as a cause of prematures.  Hence
they have a great effectron the mofale of a gun crew,.infsome’in—
stances causing the crew to destroy a gun which had them. They are

aléo’supposed to reduce muzzle velocity by allowing escape of gas,

“and to serve as a starting point for further erosion [Miller, 1920,

PP 72¥7h]. However, this latter effect seems very doubﬁful‘in -
view of the findings’of Kosting [1936]. 4s a result;of a compilation
of all essential data oh pastilles preparatory to ipitiating‘a'
metallufgical invéstigatibn of them, Kosting found that "the dimen-
sions of the pastilles'dd‘hoﬁ'ghangé within the accuracy of measure=~
ments (1/6l in. approxirately) during subsequert firing." For M
example, the pastilles in four 155-mm howitzers examined after 23,
177, 307 and 411 rounds subsequent td the‘originél measurement of
the pastille, showed no enlargement. Hence, pastilles probably

can be safely neglected as far as crosion is concerned.

67. Coppering, or metal fouling

The metallic deposit that forms on the surface bf.thé bore of
a gun, usually referred to as copper, is generally céngideféd‘tq
cOnsist‘princibally of metal rubbed éff the rotating band. Thus
Tolch [lzééi] reported that the copper in a,1osémm gun consiSted of

a mixture of copper and iron oxides in a matrix of free copper. The

analysis showed: total copper, 71.L2 percent; total iron, 9.65 per=

cent; lead, 0.33 percent; and oxygen combined as Cu0 and FéO, 18.61 per-

cent. The presence of copper is more extensive than a superficial

examination might. indicate, for its surface is frequently blackened
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by copper oxide. Heating a section of the bore in a current of
’ hydrogen reduces the oxide, and then the true extent of the copper-
ing is apparent,. o R S _ .
Coppering is greatest_in the central section of the bore,

where it may decrease the diameter as much as 0,01 in. In a given
gun it is usually thicker in the grooves than on the lands. It
‘sometimes occurs on the surfaée of the eroded section near the
breech. Inasmuch as a deposit in this region is likely to be re-
moved by later firing, it may be the cause of irregularities in the
apparent erosion at that point.

‘ ;The‘pfiﬁéipal 111 effect of coppering is that the movement of
“the pfbjectiie is slightly less regilar. The corresﬁonding irregu-

larity in the rate of burning affects the muzzle velocity of the .

projectile and hence its range.

68. Effect of fouling on erosion

_-The possible influence of fouling of the bore on erosion was
suggested by Hardecastle [190L4], who had observed that cupronickel
from thewjacgetAof thg_bullet worked into cracks in a caliber ,303'
.rifle barrel. Its pigzence_was shown by immersing a polished
section -of a barrel in ammonpia for a week. Hardcastle claimed that
erosion was partially.céuéed by alloying of the steel with the cupro-
. nickel. The mechanical enlargement of cracks by»¢opper,fromvthe

rotating band was considered by Howe [1918] to be an important

Qauaéfofyeroéign (see Sec. 70).
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59/

It has also been suggested=~ that the zinc in‘gilding-metal
bands might have a déleterious effect on the s£eel of the bore sur-
face, which might explain the cbservation [Ord. Dept. , 1926] that
in the first trials of such bands a slight increase occurred in the
erosion of a 3<in. liner, No. 35.  The original report on the
firing had suggested that the greater erosion might have been caused
by the inbreased width of the band. None of these suggestions has

been investigated.

69. Removal of copper

Copper may be removed from a gun by severalvmetpéds. Tiﬁ,
leathin alloy or lead may bé mixed with the powder, éither'in every
round or in specialAdecopperihg rounds, Projectiles méy be fitted
with rings or disks made of lead—tiﬁ alloy.’ Copper may élso be re;
moved by‘swabbing the bore with an alkéline soluﬁion, or by scraéing.
The British have used tinfoil regularly in ammunition, but the

American services  have not, éxcept for small arms. Within the past

year, hoWever,‘the U.S. Navy, having found that its guns were copper-

ing badly during sustained rapid fire, has begun the graéticé of

adding about 0.2 percent of pulverized lead‘ﬁEfthe powder every round.

 Coppering of U.S. 37-mm guns in'service'infﬁhe Middle East has been

reported by the British to be very serious, and they have requested

that the American-made ammunition for these guns'bé supplied with tin-

foil [0.B.P., 1942b].

.

60/

59/ By Col. G. F. Jenks; personal communication,‘Aug. 20, 19L1.

éQ/ Lt. B. D. Mills, personal communication, Augusb 1942,
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According to Péquelier [1929], decoppering by the use of
solder is harmful, ;s éhown by some firings of two new L7-mm guns
at Gfvre in 1925. The gun that had been fired with projectiles
having bands of solder.had'eroded more after 650 rounds than the
othér; which had been fired under exactly the same conditions ex-
tept ﬁhat no solder bands were used. In the one case the muzzle
-veloecity decreased 136 ft/sec, whereas in the other it decreased

only 79 ft/sec. No other reference to this effect has been found.
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"CHAPTER IX. THE ERODED SURFACE

70. _The system of cracks .

~ During the firing of a gun.thé surface of the bore gradually :

as “heat checks." A typical example of them is shown in Fig. S,Ql/
which is a photograph of a section of the bore sunfacé atkfhe origin
ofgrifling of a 37-mm Browning automatic gun M1 after,BOB@ rounds,
which was about the end of its life [Kosting, l2é9]< Just how
early in the life of a gun such cracks begin to develop does not
seem to have been determined.

The pattern of the cracks consists of small areas, nearly

rectangular in outline, that are bounded by two principal series of

- discontinuous cracks at right angles to each other. Within each

such rectangle a series of finer cracks forms a seﬁarate network.
Another cﬁaracteristic éf the cracks is that they are puckered, s§
that tﬁey resemble the cracks formed in river—botiom mud when it
dries out in the sun.

Some of the cracks are wider and deeper than others. On the
lands —- shown by the darker parts of Fig.‘S —- these prominent cracks
are transverse, whereas on the grooves they are longitudinal. '

De Sveshnikoff [1921a, p. 203 1922, p. 306], when he noticed this

- condition in eroded machine~gun barrels, femarked.that:these

61/ This photograph and also Figs.6 and 7 were obtained for
this report through the courtesy of Lt. Col. S. B. Ritchie and
Dr. P. R. Kosting, of Watertown Arsenal.
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directions were the same as those of the tool marks left on the
lands and on the grooves, respectively. Carter [Guion, Carter and
Reed, 1937] also observed that many cracks in a 1.1-in. Navy gun
started at tdol marks. Kosting,ég/ however, although he does not
deny that many cracks start from tool mafks, emphésizes that many
more cracks‘occur than there are tool marks to start them. '

The radial depth of the cracks varies along the length of the
;bore, being in general greater toward the breech end. The deepest
cracks of all usually occur where the driving edge of a land meets
a grobve. (This side of the lands is towerd the top of Fig. 5.)
The depth of the cracks varies considerably in different guns, but
~ without any apparent regularity. Thus de Sveshnikoff [1933, Table II)
reported that the maximum depth of cracks in 26 méchine guns varied
from 0.6 to 3.2 mm, whereas Fay [1916] reported that the maximum depth
of cracks in a 12-in. gun he examined was 1 mm. Fay also observed
thét in the region of greatest erosion in this gun -- near the origin
of rifling -~ the cracks were the deepést and also the‘fewest. The
number of cracks pef inch at the bore edge of a section of an eroded
gun near the origin of rifling was reporﬁed by Kosting {1940,
| ‘Table 7] as 325 for a worn-out 37-mm Browning automatic gun M1 and
© by Kosting and Peterson [1942] as LO1 for a worn-out 37-mm gun
M142. Some of thesé cracks, which varied in depth‘from a few

63/

microns to 0.6 mm, are shown in Fig. 6.

{

"

62/ P. R, Kosting, personal communication, Aué;122, 1942,

/

éé/ The present Fig. 6 was Fig. 8 in Kosting [19&0];
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